SYNOPSIS The Cytocentrifuge enables a satisfactory cytological preparation to be made when the cells in the cerebrospinal fluid are normal in number or only slightly increased. A technique has been developed and the results of its use are described in 114 consecutive samples from 50 children with acute leukaemia, with and without involvement of the central nervous system.
SYNOPSIS The Cytocentrifuge enables a satisfactory cytological preparation to be made when the cells in the cerebrospinal fluid are normal in number or only slightly increased. A technique has been developed and the results of its use are described in 114 consecutive samples from 50 children with acute leukaemia, with and without involvement of the central nervous system.
Analysis of the results showed that 30% of the samples with a normal cell count contained leukaemic cells when examined by Cytocentrifuge. Only 74 % of the samples with raised counts were found to contain leukaemic cells. Diagnosis of leukaemic meningitis based on changes in the cell count alone in cerebrospinal fluid is clearly unreliable, and the Cytocentrifuge enables a more precise assessment of the cerebrospinal fluid to be made.
It also appears that changes in the levels of protein and glucose in the cerebrospinal fluid of leukaemic patients are not directly related to the presence of leukaemic cells but are the results of changes in the cell count from whatever cause. There appears to be no value in measuring protein and glucose levels when monitoring the cerebrospinal fluid in acute leukaemia for evidence of early involvement of the central nervous system. Involvement of the central nervous system is a common event in children with acute lymphoblastic leukaemia on maintenance therapy, and accounts for the ending of remissions in the majority of cases (Broder and Carter, 1972 (Broder and Carter, 1972) .
The presence of only a few leukaemic cells in the cerebrospinal fluid must consequently be considered to terminate remission, and there is a need for a method of examining cerebrospinal fluid which will show the presence of these cells reliably and consistently. The usual method of preparing cerebrospinal Received for publication 23 October 1973. 226 fluid for cytological examination, eg, centrifugation and re-suspension of the cell button in albumin, cannot always demonstrate the exact cell type when the total cell count is normal or only slightly raised. The Cytocentrifugel is being used with increasing frequency for this purpose, and we report here our results of examination by Cytocentrifuge of 114 consecutive specimens from 50 children with acute leukaemia together with details of total cell counts and estimations of protein and glucose.
Materials and Methods
The samples of cerebrospinal fluid were received in polystyrene containers from a leukaemia clinic. Many were collected in the fasting state as the patients were undergoing simultaneous bone marrow aspiration under anaesthetic. The patients were children with acute leukaemia, with and without known meningeal involvement. Some had received prophylactic irradiation of the central nervous system or intrathecal methotrexate. Lumbar punc-The cerebrospinal fluid in acute leukaemia of childhood: studies with the Cytocentrifuge the cerebrospinal fluid in patients without symptoms, as well as for the treatment of central nervous system relapse. The sample was processed for protein, total cell count, and culture if indicated, and for cytology. A separate 0 5 ml sample collected into fluoride-oxalate was used for glucose estimation.
Specimens were prepared for cytological examination with the Cytocentrifuge as follows.
A little oil (Whitemor oil, Manchester Oil Refinery Ltd) was spread round the hole of the filter paper to cover an area of approximately 1 cm diameter, and the filter paper, labelled slide, and chamber were inserted into the Cytocentrifuge head. The cerebrospinal fluid was mixed well and 9 drops (0-6 ml) were placed in the chamber followed by 9 drops of Seitz-filtered AB serum. (Small aliquots of AB serum were stored in the deep freeze and thawed before use.) The head was balanced and the samples were spun at 1000 rpm for 10 minutes. The slide, chamber, and filter paper were removed together from the head and placed on a flat surface with the slide down. The chamber was removed and any excess fluid was aspirated from the paper with a pipette. The slides were dried in air, fixed in methanol for five minutes, and stained by flooding the slide with phosphate buffer pH 6-4 twice, adding 5 drops of Giemsa, mixing and staining for 90 to 120 seconds. After washing in pH 6-4 buffer the slides were dried in air.
The oil serves to delay absorption of the cerebrospinal fluid into the paper while the cells are spurn onto the slide and gives a higher yield of cells. The AB serum has a similar but smaller effect on absorption, and helps to preserve cell morphology (Spriggs and Boddington, 1968) . It is important not to overstain the preparation as otherwise fine nuclear details are obscured.
Results
One hundred and fourteen specimens were received from 50 children with acute leukaemia (47 acute lymphoblastic, two lymphosarcoma, and one acute myeloid). In 11 cases (9%), seven of which had a cell count of less than 1 cell per ,ul, the Cytocentrifuge preparation was unsatisfactory: too few cells were present, or the morphology of the few cells seen was distorted. average differential count was as follows: lymphocytes 44%, histiocytes 34%, neutrophils 9%, and smear cells + other distorted cells 13 %. Lymphocytes were present in 38 (95%) of these samples, histiocytes in 30 (75 %), neutrophils in 20 (50 %), and smear + other degenerate cells in 13 (33%) ( The presence of histiocytes (fig 3) has been previously noted (Spriggs and Boddington, 1968) . 
Discussion
Cells are always lost with the Cytocentrifuge. Dayan and Stokes (1973) estimated that only 15-30% are left on the slide after centrifuging, fixing, and washing. The method described here does not improve greatly on this figure, but gives a higher yield than when cerebrospinal fluid is used without the addition of serum and oil which increases the yield of cells by delaying absorption into the filter paper.
Morphology of cells processed by the Cytocentrifuge is sometimes unusual: leukaemnic lymphoblasts may show marked nuclear distortion and indentation as the centrifugal force spreads the cells out on the slide in a manner not usually seen when blood or bone marrow smears are prepared in the usual way. But the cells are spread out thinly and details of nucleus and cytoplasm are easily recognized.
A comprehensive study of central nervous system leukaemia was reported by Nies, Malmgren, Chu, Del Vecchio, Thomas, and Freireich, in 1965 . These authors examined 393 specimens from 78 patients with acute leukaemia, using a method involving concentration of the cells onto millipore filters (Del Vecchio, DeWitt, Borelli, Ward, Wood, and Malmgren, 1959) . They found that cytological examination revealed abnormal cells in 94% of the samples in which the routine cells count was 5 or more cells per pl; but 41 % of samples with a cell count of 4 or less per pA also revealed some immature cells. Many of these latter samples were from patients whose count had previously been high and who had been treated for meningeal leukaemia.
Our data show a lower incidence (74%) of leukaemic involvement where the count is raised, but there is a similarly high proportion (30%) of cases where the count is normal but leukaemic cells are present. These differences may be partly explained by the fact that the Cytocentrifuge fails to collect all the cells in the sample. It has the advantage, however, of being more rapid and simpler than the millipore filter method. It should be noted that these figures refer only to the samples received in the laboratory: they do not represent the incidence of leukaemic meningitis. A larger number of cerebrospinal fluid examinations by Cytocentrifuge in leukaemia was studied by Drewinko, Sullivan, and Martin (1973) . In a group of children with acute leukaemia they found blast cells in 8-5 % of fluids with a normal cell count, and in these children frank central nervous system relapse followed later. It is clear that a normal cell count by itself is not sufficient to exclude disease of the central nervous system.
It is generally agreed that a count of 5 or more cells per ,.l in the cerebrospinal fluid is abnormal. Although we found some apparently normal cases with a higher count, our results do not suggest that any other figure would be a more reliable indicator of involvement of the central nervous system. The level should certainly be no higher.
Protein and glucose estimations on the cerebrospinal fluid give no relevant information in the individual case in which meningeal involvement is suspected; these tests are probably unnecessary. Although there is a higher protein level in the cases with a high cell count and blast cells present, it is the increase of cells which appears to lead to the increased protein level and not the leukaemic cells. Glucose levels in all the samples were on the low side as most were taken with the patient fasting. There is a significant reduction of glucose levels in the samples with higher cell counts; but again this is not an effect of the leukaemic cells but appears to be the effect of the raised cell count from any cause.
We conclude that any marked change in the level of protein or glucose in the cerebrospinal fluid of a patient with leukaemia should not be attributed to leukaemic infiltration of the central nervous system without excluding other possible causes.
